Empirical relationships between the rates of growth and total factor productivity growth, physical input accumulation, as well as institutional and agro-ecological change is evaluated using an international panel data set on 26 African countries and covering the period 1970-2000. The analysis employs the broader framework provided by empirical growth literature and recent developments in TFP measurement. Results suggest a positive evolution of the total factor productivity during the studied period. This positive performance of the productivity of the agricultural sector was due to positive technological progress rather than technology absorption. However, growth accounting computation highlights the fact that factor accumulation accounts for a large share of agricultural output growth and fertilizer has been the most statistically important physical input contributor to agricultural growth. The study also highlights the extent to which agricultural growth contributors vary across countries and regions in relation with different country conditions, institutions and politicohistorical factors.
INTRODUCTION
Growth in agriculture, particularly in Africa has been strongly tied to overall economic growth in the literature, given its importance in overall GDP, export earnings and employment, as well as its strong link to non-agricultural growth. As reported by Uma Lele [1] , broadly based agricultural production has an enormous impact on the pattern of consumption, saving and investment. This in turn determines internal links between growth in the agricultural and non-agricultural markets and external links between growth in the domestic and international markets. These links govern the pace and robustness of growth. Therefore, agricultural performance is a major focus of the policy agenda in virtually every African country because it directly affects the country's living standards. In particular, looking for strategies that would lead to higher levels of agricultural growth and release a surplus to be used in other sectors is regarded as a key determinant for overall economic growth.
Economic growth is probably one of the most important research topics in modern economics. In recent years, there has been a burgeoning of empirical research into the factors affecting economic growth in both developed and developing countries [2] . Most of this research was inspired by the development of endogenous growth theory, which emphasizes the role of technological progress and innovation and human resource development in the growth process [3] .
Several theoretical models have been used to explain economic growth. The point of departure for most of these theoretical models is the production function approach pioneered by Solow [4] who specified a neoclassical model of economic growth, where physical capital, labor and an exogenous technology influence the level of output.
The recent literature is centered on why some countries achieve rapid economic growth and some other countries experience stagnation and even economic regression. This has led researchers to examine the main sources of growth for different countries and regions of the world. The focus is on estimating how much growth in output is associated with growth in physical capital and how much is due to total factor productivity (TFP), institutional change and other factors. However, past studies focused on overall economic growth pattern and did not highlight the specificity of the issue for some major sectors. This study improves our understanding by investigating the source of growth in the agricultural sector in Africa. The study applies a growth accounting method to investigate sources of agricultural growth in Africa over the last three decades. The study uses the broader framework provided by the recent empirical growth literature and recent development in TFP measurement to evaluate the relative contribution of main sources of growth in African agriculture.
MATERIALS AND METHODS

Data and coverage:
The analysis is based on data mostly drawn from FAOSTAT (<http://faostat.fao.org>) system of statistics used for the dissemination of statistics compiled by the Food and Agriculture Organization (FAO). Panel data on the top 26 African agricultural producers, from 1970 to 2000, are analyzed. The 26 countries included in the data set are evenly distributed over all the geographical regions of the continent and are grouped into five regions (Table 1 ). Our approach involves estimation of aggregate production functions. Data used in the analysis consist of information on agricultural production and conventional and non-conventional inputs. The specific variables used in the study include agricultural production, agricultural labor, number of tractors in use, quantity of fertilizer used, agricultural land and livestock. Specification of output and inputs used is as follows:
• Agricultural output (agricultural production):
To construct the output series, we followed the methodology suggested in Rao and Coelli, [5] . Output aggregated for the year 1990 was used to compute the output series. These 1990 aggregated outputs were computed using international average prices (expressed in US dollars) derived using the Geary-Khamis method [6] . The aggregates are based on the sum of price-weighted quantities of different agricultural commodities produced after deduction of quantities used as seed and feed weighted in a similar manner. The resulting aggregates represent disposable production for any use, except as seed and feed. The 1990 output series were then extended to cover the study period, 1970-2000, using the FAO production index number series • Labor refers to the economically active population in agriculture for each year, in each country. The economically active population in agriculture is defined as all persons engaged or seeking employment in agriculture, forestry, hunting, or fishing sectors, whether as employers, own-account workers, salaried employees, or unpaid workers • Agricultural land is the sum of the areas under arable land (land under temporary crops, temporary meadows for mowing or pasture, land under market and kitchen gardens and land temporarily fallow), permanent crops (land cultivated with crops that occupy the land for long periods and need not be replanted after each harvest, such as cocoa, coffee and rubber) and permanent pastures (land used permanently for herbaceous forage crops, either cultivated or growing wild) • Fertilizer: Following other studies [7, 8] , the sum of nitrogen (N), potassium (P 2 O 2 ) and phosphate (K 2 O) expressed in thousands of tons, that are contained in the commercial fertilizers consumed is used as measure of fertilizer input. • Tractors: We used data on the number of tractors, which refer to total wheel and crawler tractors (excluding garden tractors) used for agricultural production • Livestock: Following [9] , the livestock input variable used in this study is the sheep-equivalent of five categories of animals. The categories of animals considered are buffaloes, cattle, pigs, sheep and goats. Data on the number of these animals are converted into sheep equivalents using the following conversion factors: 8 for buffalo and cattle, and 1 for sheep, goats and pigs 
Where Q it is output of the i-th country in time period t, x it* is an N*1 vector of the logarithm of inputs for the ith country in time period t, is a vector of unknown parameters and ε it is random variable which assumed to be iid N(0, σ 2 ). The decomposition of the neo-classical production function to get the residuals is used to break down the growth rate of aggregate output into contribution from the growth of inputs versus productivity change [10, 11] :
Where dots over variables indicate rate of change In our analysis, the aggregate production function in growth rates is given by:
That is: 
We first compute TFP growth using Data Envelopment Analysis (DEA) procedure (Malmquist indexes). Then,
on the growth rate of inputs, using panel data random effect procedure, we obtain coefficients which are interpreted as factor shares. We construct our estimates of contributions to agricultural growth for the period 1970-2000 for our sample of 26 African countries, which allow us to study growth contribution differences within African countries. For the polled and for each group of countries, a separated panel data random effect regression was ran to derive factor share for each of the period (1971-80, 1981-90, 1991-00 and 1971-00). Overall, 28 regressions representing all the categories found in the Table 4- Malmquist TFP index approach: Malmquist index methods described in Fare et al. [12] , Coelli et al. [13] and Nkamleu [14] are used to measure and analyze total factor productivity, technology and efficiency change in African agriculture. The method calculates total factor productivity indexes using efficiency measures. This approach, when panel data are available, uses DEA-like linear programs and the Malmquist total factor productivity (TFP) index to measure productivity change and to decompose this productivity change into technical change and technical efficiency change.
Following Fare et al. [12] , the MI TFP change between the base period s and a period t can be written as:
where the notation ( )
represents the distance from the period t observation, to the period s technology. A value of 'm' greater than one will indicate positive TFP growth from period s to period t. In (5) , the term outside the square brackets measures the Farrell efficiency change between period s and t and the term inside measures technical change, which is the geometric mean of the shift in the technology between the two periods. Thus, the two terms in equation (5) represents the productivity of the production point (y t , x t ) relative to the point (y s , x s ) and a value larger than one depicts positive TFP growth between periods s and t.
RESULTS AND DISCUSSION
Sources of TFP growth:
Means of the measures of total factor productivity change (TFPCH) are presented in Table 2 for the three last decades. The sample as a whole indicates that the change in total factor productivity of the agricultural sector of the study countries have been positive. Recall that a value greater than unity represents an improvement of TFP, while a value less than the unity represents a decline. On average, total factor productivity has increased by 0.2% annually. This figure appears to be consistent with some of the recent studies [15, 10] . However, for some regions, there has been some evidence of productivity regression. It is also important to note that out of the 26, seven countries (Burkina-Faso, Burundi, Chad, Guinea, Madagascar, Mali and Senegal) have had a negative evolution of the total factor productivity over the period.
Our analysis decomposes TFP into factors that are external/exogenous to the countries (technological change) and factors that are internal/endogenous to the country (its ability to absorb and use the available inputs -efficiency change). We next decompose efficiency change into pure efficiency change and scale efficiency change. The component measures of total factor productivity, overall efficiency change (EFFCH) and technical change (TECHCH), show that there has been technological progress, though for some individual countries there has been some evidence of technological regression. The overall average annual technological change was 0.4%, while a 0.2% average annual decline of technical efficiency over the studied period was observed.
Turning to the component measures (pure and scale efficiencies), it appears that both pure and scale technical efficiencies have contributed to the decline of overall efficiency. The various models of new growth theory emphasize human capital as a key factor to drive the long-term growth of income (De Gregorio and Jong-Wha Lee, GDN). To allow differences in the labor quality between countries, previous studies [11] included human capital as an additional input. Benhabib and Spiegel [16] suggest that human capital affects TFP growth through the adoption and implementation of new technologies. Instead of including human capital as an input in production, our approach is such that that human capital accumulation is captured by the efficiency change component of the TFP. The African agricultural sector faces the challenge of acquiring and absorbing foreign technologies. The negative evolution of the efficiency change component suggests that technology absorption is a long-run constraint to the agricultural sector. Table 2 also shows the rates of TFP components, grouped by decade. It appears that, during the 1971-1980 periods the region performed better in raising the efficiency of the agricultural sector. The average growth rate of technical efficiency during that period, although negative, was greater than the average growth rate of technology. The situation was reversed during the 1980s and the 1990s, with better scores in technical change than in technical efficiency change. Table 3 provides measures of annual changes in EFFCH, TECHCH and TFPCH by different geographical regions. Northern Africa posted the highest TFP growth of 0.8%, mainly due to a technological change growth of 1.1%, followed by Central and Southern Africa. West Africa has posted the lowest rate of -0.3%. The failure in West Africa was due to a poor efficiency change growth whereas in Eastern Africa, technological change has been the main constraint. Table 4 reports the results of the output growth decomposition by decade, over the entire sample. Agricultural growth performance varies widely over time. Low during the seventies, the average annual growth rate grew to more than 3% in subsequent decades. The contribution of factor inputs (98%) has been on average larger than that of TFP (67%). Unaccounted factors which might include factors such as agro-climatic shocks, institutions and political instability, also contributed importantly to agricultural output growth (-65%). The weak performance of the TFP growth was mainly due to its negative evolution during the seventies. In the eighties and nineties, TFP growth rises sharply, while the contribution of factor inputs tended to decline. Busari et al. [17] also found that TFP contribution to total economic growth was negative during the seventies in Africa. In sum, output growth decomposition shows that physical inputs, or factor accumulation globally provides the most important component of output growth during the last three decades.
Sources of agricultural growth:
Narrowing our focus within the contribution of each physical input reveals that output growth due to fertilizer usage is the highest in Africa where it accounts for 51% of total agricultural output growth, following by the contribution of tractor (25%). The amount attributable to labor growth was 21% while land account only for 4% of total agricultural growth. The contribution of livestock has been constantly negative. In the time dimension, we observe more stability in the contribution of fertilizer, as well as in the contribution of livestock. Table 5 -9 report results of the output growth decomposition per decade and per geographical group. These results indicate that the strength of the contribution of growth determinants varies across regions, with some common characteristics. The contribution to output growth of TFP is constantly lower than contribution of total inputs. In some regions (North and West Africa), the contribution of TFP is close to the contribution of the physical inputs while in others, factor contribution far exceed TFP contribution.
In all regions, it is apparent that fertilizer is the most important physical input contributor to agricultural growth. Suggesting that fertilizer is a good foundation, on which one can build strong equitable agricultural growth in Africa. Hayami and Ruttan [9] (see for example in p.140) advocated that livestock and land should be seen as proxy for resources endowment and should be included as inputs in aggregated agricultural production function. Most past studies on aggregated agricultural production included livestock as independent variable [18, 19, 8, 10] . The contribution to agricultural output growth of livestock is globally negative. This contribution is the highest (and positive) in North and southern Africa where it accounts respectively for 8 and 10 percent of total agricultural output growth and the lowest (and negative) in West, East and Central Africa where it explains -5, -13 and -12 percent of total output growth.
We further investigated the impact of colonial inheritance and agro-climatic conditions on growth accounting parameters. Table 10 and 11 show comparative growth accounting for French and English countries and for forest and sahelian countries. Some tendencies can be observed from these results:
• The contribution of physical inputs, particularly labor and tractor has been highest in French speaking countries, while TFP growth was more important in English countries than in French countries.
Unaccounted factors (agro-climatic shocks, political instability…) have been a major constraint for agricultural production growth in French speaking countries, whereas in English countries, these factors have had no significant effects. We previously found that East Africa was the region where unaccounted factors had the most negative effect on growth. This can be explained by the political instability that Rwanda and Burundi (which are also French speaking countries) recently went through • When comparing sahelian vs forest countries (Table 11 ), it appears that agricultural growth attributable to factor accumulation was higher than TFP contribution in forest countries, while in sahelian countries, TFP contribute more than physical factor to agricultural growth. Unaccounted factors also impede agricultural growth in forest countries CONCLUSION Thus, the issue of agricultural growth in Africa, its determinants, policies that affect it and prospects, has tremendous implications. Empirical studies [20, 21] clearly confirmed that increased agricultural productivity and growth is the cornerstone of the millennium development goals (MDGs) in Africa. The consensus in international economic development circles is that Africa is still far from reaching the targeted goal of an annual growth rate above 7% a year required to achieve economic convergence with other developing countries and to maintain a similar quality of life.
This study has investigated the source of growth in the agricultural sector in Africa. The study used the broader framework provided by empirical growth literature and recent development in TFP measurement to search for fundamental determinants of growth in African agriculture. The following findings emerged from the study:
• The result show an average annual growth in total factor productivity of 0.2%, mainly attributable to the technological change (or frontier shift) growth of 0.4%. Two tendencies have been observed during the period. The rate of technological change and total factor productivity change was globally negative during the 1970s and turned positive during the 1980s and 1990s. These findings are consistent with past studies [15, 10, 5] • The technical efficiency change (managerial ability) has experienced an overall negative evolution over the 30 years. This suggests that farmers have been less and less able to fully exploit the full potentiality of new technologies. This result is quite different from Coelli and Rao [15, 5] who found a positive (0.6 and 0.8 respectively) average efficiency change, although for a different time intervals • Our results share the view that factor accumulation accounts for a large share of agricultural output growth. The contribution of traditional factor inputs to overall agricultural growth has been on average larger than that of TFP • We also highlighted the fact that unpredicted factors such as agro-climatic shocks, institutions and political instability, also contributed importantly to agricultural output growth in Africa • In all African regions, fertilizer has been the most important physical inputs contributor to agricultural growth. Suggesting that fertilizer had a good foundation, on which one can build strong equitable agricultural growth in Africa • We found that agricultural growth contributors across countries and regions vary greatly, reflecting different country conditions, institutions and politico-historical factors. In particular, colonial heritage and agro-ecological condition of countries was found to have an influence on the source of agricultural growth
These results have important implications for policy targeting. The negative evolution of the efficiency change component suggests that farmers are not making the best use of the existing technologies, which are mostly imported technologies. This point out the constraint imposes by the absorption of foreign technologies in the achievement of high levels of total factor productivity. This highlights the limits of the diffusion of new technologies without accompanying these with building the capacity of farmers to enable them to fully exploit the potentiality of these technologies. To foster TFP growth, there is a need for sustained improvements in farmers' performance, which will require a more active role for the public sector and international agencies in research and extension activities in collaboration with farmers to raise human capital accumulation. A promising possibility may be to train farmers in production programs for them to learn more on crop
One main contribution and new findings in this study is the quantification of the contribution of different inputs in the agricultural growth. One general conclusion is that the role and contribution of different inputs differ substantially between regions and countries. These regional differences show types and the extent of interventions needed to be put in place in each region for enhancing the agricultural growth of African agriculture. For some group of countries such as forest and French speaking countries, the agricultural growth attributable to factors such as labor, tractor and fertilizer was positive and high, while the contribution of livestock has been highly negative in English speaking and forest countries. In forest countries, livestock pest related problems might have played a negative role and pulled back the livestock sub-sector. Future strategies should be conscious of such constraints. The contribution of land also appears to be lower for Sahelian and French speaking countries. These results should be taken into account to build strategies to overcome the problem of agricultural growth in Africa. Efforts are needed not only from within the countries and regions, but also from the international community to ensure that the right mixture of policies is put in place to promote and sustain agricultural production in Africa. However, over time, the sources of agricultural growth may shift and even change signs as economies and policies evolve. A country's broader historical experiences and institutional evolution need to be constantly taken into account.
